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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a hollow com-
posite member, and more particularly to a composite spar
which utilizes braided fibers at specific angle orientation
and a method for facilitating the manufacture thereof.
[0002] A rotor blade spar is a primary structural ele-
ment of a helicopter rotor blade assembly inasmuch as
its primary function is to transfer combined flapwise,
edgewise, torsional and centrifugal loads to/from a cen-
tral torque drive hub member. Typically, a leading edge
and trailing edge assembly envelop the spar to yield a
desired airfoil contour. The spar typically extends along
the length of the rotor blade and mounts at its inboard
end to a cuff assembly that facilitates mounting to the
hub member.

[0003] Fiber reinforced resin matrix composite materi-
als are employed due to their advantageous strength to
weight ratio. Despite the inherent weight and strength
advantages, widespread use thereof has been impeded
by the high cost of materials and associated fabrication
methods.

[0004] Conventional methods for manufacturing com-
posite spars include filament winding and prepreg lay-up
of composite material. Although effective, these process-
es are relatively time and labor intensive.

[0005] The prepreg lay-up process is primarily per-
formed by hand. Prepregs have little structural rigidity in
their uncured state. The prepregs are hand-stacked and
interleaved upon an inflatable mandrel assembly. The
lay-up is then transferred into a matched metal mold and
autoclave oven cured while the mandrel assembly is in-
flated to form the finished composite spar. Moreover, pre-
preg sheets are relatively expensive and require metic-
ulous storage and handling processes which further in-
crease manufacturing expense.

[0006] The filament winding process involves a wind-
ing process in which the filaments are preimpregnated
ortheresinis applied while the filaments are wound about
amandrel assembly. The mandrel assembly is of ashape
generally corresponding to the required shape of the fin-
ished article. The mandrel assembly typically includes a
rigid substructure and a bladder disposed over the rigid
substructure. The filaments are wound over the mandrel
while the mandrel and filaments are reciprocally dis-
placed relative to one another along the longitudinal or
winding axis of the mandrel to build a plurality of layers
of filamentary material. Upon completion of the filament
winding process, the mandrel-wound lay-up is placed in
a matched metal mold and cured while the bladder is
pressurized to urge the fibers against the matched metal
mold.

[0007] One disadvantage to filament winding relates
to difficulties associated with expanding the fibers against
the matched metal mold. As the fibers are initially wound
laterally about the mandrel under tension, pressurization
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sufficient to achieve proper laminate compaction is diffi-
cult to achieve. Should the fibers resist complete and
uniform compaction, the composite article may become
resin-rich or resin-starved in particular areas resulting in
poor laminate quality. In the case of an elliptically shaped
composite article, the conic regions, i.e., the leading and
trailing edges, may be vulnerable to unacceptable vari-
ations in fiber volume.

[0008] Another disadvantage to conventional filament
winding relates to the difficulty associated with establish-
ing fiber orientations at or near 0 degrees relative to the
longitudinal axis of the mandrel assembly. Insofar as con-
ventional filament winding apparatus are deficient in this
regard, itis common to periodically interrupt the winding
operationto interleave unidirectionali.e., 0.degree fibers.
Such interleaving operations are laboriously performed
by hand and are relatively time consuming which still fur-
ther increases manufacturing expense.

[0009] Accordingly, itis desirable to provide a structur-
ally efficient composite spar which locates fibers in a par-
ticular orientation, minimizes weight, and increases dam-
age tolerance. Furthermore, it is desirable to provide an
inexpensive manufacturing process which reduces labor
intensive process steps, permits ease of material han-
dling, yet maintains exacting quality standards during as-
sembly.

[0010] US 5 619 903 A discloses a triaxially braided
tube having a longitudinal axis and a plurality of braided
strands of structural fiber, wherein at least one elongate
member with a rigidity greater than that of the strands of
structural fiber is intertwined into the braided strands par-
allel to the longitudinal axis of the braided member.
[0011] US 5 222 297 A discloses a method of manu-
facturing a composite propulsor blade with spar and shell
construction. A composite spar with an elongated foam
body is formed, bonded to a short metal retention tulip,
and overlayed with a dry braided wrap of angular struc-
tural fibers and substantially unidirectional spanwisely
aligned structural fiber plies disposed between the braid-
ed layers. A leading edge foam body and a trailing edge
foam body are added to the spar assembly to form a
blade subassembly. A dry braided fabric wrap is provided
over the blade assembly and the fabric covered blade
subassembly is disposed into a shell molding die. Then
the dry spar fabric wrap and the dry shell fabric wrap are
simultaneously impregnated with a curable resin material
and cured.

[0012] US2002/008177 Adiscloses acomposite blade
assembly that comprises aroot portion and blade portion
that is connected to the root portion. The blade portion
comprises at least one layer of composite material that
is folded to form a loop.

SUMMARY OF THE INVENTION

[0013] The object above is solved by a hollow rotor
blade spar according to claim 1. Further embodiments
and developments are defined in the dependent claims



3 EP 1 663 779 B1 4

2109.

[0014] The rotor blade spar according to the present
invention includes a multiple of individual fibers braided
together to form a braided sleeve of composite materials.
The braided sleeve is a tri-axle braid in which braided
bias angled fibers are located at an angle relative the
longitudinal axis of the spar. Zero degree fibers are in-
terwoven during the braiding cycle which increases the
ballistic tolerance of the spar as delamination is mini-
mized through interaction of the braided geometry.
[0015] Inamethod of manufacture of the braided spar,
the braided sleeve is formed dry by a multi-axial braiding
machine. The multi-axial braiding machine includes a
multiple of spools arranged about an outer ring which
rotates about an axis of rotation Rotation of the outer ring
relative the inner ring braids a multiple of individual fibers
from the multiple of spools to form the braided sleeve
over a mandrel which is passed through the inner ring.
Once the braided sleeve is formed upon the mandrel, the
mandrel is located within a matched metal mold and resin
impregnated. As the braided sleeve is formed with dry
filaments, the braiding cycle need not be related to im-
pregnating resin processing. Material storage and han-
dling is reduced in complication which reduces labor in-
tensive process steps and expense. Once the impreg-
nating resin has cured such as through application of
thermal energy, the cured braided sleeve and mandrel
are removed from the matched metal mold and the man-
drel is removed from the finished braided spar.

[0016] The present invention therefore provides a
structurally efficient composite spar which locates the fib-
ers in a particular orientation, minimizes weight, and in-
creases damage tolerance. Furthermore, the present in-
vention provides an inexpensive manufacturing process
which reduces labor intensive process steps, permits
ease of material handling, yet maintains exacting quality
standards during assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The various features and advantages of this in-
vention will become apparent to those skilled in the art
from the following detailed description of the currently
preferred embodiment. The drawings that accompany
the detailed description can be briefly described as fol-
lows:

[0018] Figure 1is atop planview of an exemplary main
rotor blade assembly,

[0019] Figure 2 is a cross-sectional view of the main
rotor blade of Figure 1 taken along line 2-2 thereof;
[0020] Figure 3 is a schematic view of a multi-axial
braiding machine for use with the present invention;
[0021] Figure 4 is a perspective view of a braiding step
in which a multiple of individual fibers are braided to form
a braided sleeve over a mandrel being passed through
the multi-axial braiding machine to form an exemplary
rotor blade spairr,

[0022] Figure 5is a perspective view of another exem-
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plary spar for a rotor blade tip;

[0023] Figure 6 is a schematic representation of a fil-
ament orientation in a rotor blade spar manufactured ac-
cording to the present invention;

[0024] Figure7is aschematic representation of aresin
infusion step according to the present invention; and
[0025] Figure 8is aflow chart illustrating the steps per-
formed by the fiber orientation verification system.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0026] Figure 1 schematically illustrates an exemplary
main rotor blade assembly 10 mounted to a rotor hub
assembly 11 (illustrated schematically) for rotation about
an axis of rotation A. The main rotor blade 10 includes
an inboard section 12, an intermediate section 14, and
an outboard section 16. The inboard, intermediate, and
outboard sections 12, 14, 16 define the span of the main
rotor blade 10. The blade sections 12, 14, 16 define a
blade radius R between the axis of rotation A and a blade
tip 18.

[0027] A plurality of main rotor blade assemblies 10
project substantially radially outward from the hub as-
sembly 11 and are supported therefrom in one of numer-
ous attachments. Any number of blades 10 may be used
with the rotor system. It should be understood that al-
though a rotor system is illustrated in the disclosed em-
bodiment, other applications which will benefit from a hol-
low composite member such as main rotors, tail rotors,
propellers, turbines, windmills and the like will also ben-
efit from the present invention.

[0028] The main rotor blade 10 has a leading edge 20
and a trailing edge 22, which define the chord C of the
main rotor blade 10. Adjustable trim tabs 24 extend rear-
wardly from the trailing edge 22. A pitching or faying axis
P is the center of mass of the rotor blade in the chord
wise direction and is also the axis about which blade 10
twist occurs. The airfoil surface of the rotor blade 10 is
typically twisted linearly along the blade span to improve
aerodynamic efficiency. Although 10 to 12 degrees is
common other twists will benefit from the present inven-
tion.

[0029] Referring to Figure 2, upper and lower skins 26,
28 define the upper and lower aerodynamic surfaces of
the main rotor blade 10. It should be understood that
relative positional terms such as "forward" "aft," "upper,"
"lower," "above," "below," and the like are with reference
to the normal operational attitude of the vehicle and
should not be considered otherwise limiting. The skins
26, 28 are preferably formed from several plies of prepreg
composite material such as woven fiberglass material
embedded in a suitable resin matrix. A core 30, a spar
32, one or more counterweights 33, and a leading-edge
sheath 34 form the interior support for the skins 26, 28
of the main rotor blade 10.

[0030] The spar 32 functions as the primary structural
member of the main rotor blade 10, reacting the torsional,



5 EP 1 663 779 B1 6

bending, shear, and centrifugal dynamic loads devel-
oped in the rotor blade 10 during operation. The spar 32
of the present invention is preferably manufactured from
a braid of composite materials such as IM7, AS4, aramid,
carbon, graphite, fiberglass, Kevlar and/or other fibrous
materials. Preferably, 12000 or 6000 strength strands
are utilized, however, other fibers will also benefit from
the present invention.

[0031] Referring to Figure 3, the spar 32 is formed by
braiding a multiple of individual fibers 36 together to form
a braided sleeve 38 of composite materials. The braided
sleeve 38 provides a sock-like braid of fibers 36. It should
be understood that the individual fibers 36 may them-
selves include a multiple of braided filaments or the like.
The braided sleeve 3 8 is formed dry by a multi-axial
braiding machine 40 (also illustrated in Figure 4). The
multi-axial braiding machine 40 includes a multiple of
spools 41 arranged about an outer ring 42 which rotates
about an axis of rotation A. Preferably, the multi-axial
braiding machine 40 includes 144, 288 or other number
of spools 41 supported upon the outerring 42. Each spool
41 supports one fiber 36 which is communicated to a
fixed inner ring 44. It should be understood that each
spool 41 may support similar or dissimilar fibers 36 de-
pending upon the desired construction of the spar 32.
[0032] Rotation of the outer ring 42 relative the inner
ring 44 braids the multiple of individual fibers 36 to form
the braided sleeve 38. Braiding machines are typically
known and are often utilized in textile manufacturing with
low strength fibers to form generally tubular garments.
Braiding of filaments and the teaching provided herein is
well within the skill of one of ordinary skill in the art of
textile manufacture.

[0033] As the outer ring 42 rotates relative the inner
ring 44 to braid the multiple of individual fibers 36 over a
mandrel 46 which is passed through the inner ring 44 to
receive and support the braided sleeve 38 (Figure 4).
That is, the mandrel 46 receives the braided sleeve 38
and forms the inner shape of the spar 32. Preferably, the
braided sleeve 38 is formed to generally constrict if not
otherwise supported by the mandrel 46. The braided
sleeve 38 closely fits upon the mandrel 46 in a manner
in which a sock closely fits over a foot. The mandrel 46
may be of a one-piece, multi-piece, and/or dissolvable
construction depending upon the shape of the spar 32.
It should be understood that the spar 32 need not be
linear and that an angled spar 32 such as for a swept
rotor tip (Figure 5) will likewise benefit from the present
invention.

[0034] Referring to Figure 6, the braided sleeve 38 is
preferably a tri-axial braid. Bias angle fibers are prefer-
ably located at a 40 degree angle from the center line of
the spar (faying axis P) and are distributed around the
girth of the mandrel 46. The bias angle provides torsional
strength to the spar 32 and provides two axes of the tri-
axial braid. The third axis of the tri-axle braid includes
zero degree fibers which provide axial strength to the
spar 32. Zero degree fibers are located parallel to the
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axis P. The zero fibers are positioned to be on the upper
and lower surfaces of the spar 32 and the 40 degree
fibers are braided around the zero degree fibers. That s,
tracking an individual 40 degree fiber would follow a spiral
path around mandrel such that the spiral path would be
at a 40 degree angle to the faying axis P of the spar 32.
The leading and trailing edge conics of the spar 32 in-
clude bias angle fibers at preferably 40 to 45 degrees to
the axis P of the spar 32. It should be understood that
other fiber orientations and fiber arrangements will ben-
efit from the present invention. Moreover, the spar 32
preferably includes a multiple of braided layers to provide
a desired laminate thickness and physical properties.
[0035] Additional local reinforcement of the spar 32 is
accomplished by separate composite layers (illustrated
schematically at 35) at desired locations. That is, dry
composite material sheets may additionally be located
at desired locations within the fibers during the braiding
cycle.

[0036] The zero degree fibers are preferably interwo-
ven during the braiding cycle and are located in a fixed
position relative to the axis of rotation A of the multi-axial
braiding machine 40 and are maintained in tension to
reduce an strength reduction which may occur through
bending of the fibers 36. Interweaving of the zero degree
fibers increases the ballistic tolerance of the spar 32 as
delamination is minimized through interaction of the
braided geometry. Regarding the latter, the structural fib-
ers of composite materials can be viewed as a plurality
of redundant load paths wherein damage to one or more
fibers can be mitigated by the load carrying capability of
adjacent fibers.

[0037] Alternatively or additionally, the mandrel 46
may be rotated during braiding follow a twist in the spar
32. Thatis, a rotor spar is often twisted 10 to 12 degrees
linearly along the spantoimprove aerodynamic efficiency
and the braid can be specifically oriented to accommo-
date such a twist.

[0038] Referring to Figure 7, once the braided sleeve
38 is formed upon the mandrel 46, the mandrel 46 is
located within a matched metal mold 48. As the braided
sleeve 38 is formed with dry filaments, the braiding cycle
need not be related to impregnating resin processing,
material storage and handling is reduced in complication
which reduces labor intensive process steps and ex-
pense. Impregnating resin is preferably communicated
into the matched metal mold 48 from a supply 50 and is
pumped along a span of the metal mold 48 from a trailing
edge of the matched metal mold 48 toward vents in a
leading edge matched metal mold 48 to provide efficient
manufacturing times. Other distribution schemes will also
benefitfrom the presentinvention. The impregnating res-
in preferably includes a reactive resin component, curing
agents, solvents and other agents. Typical resins include
epoxy, epoxy novolacs and other thermosetting resins
including polyesters, polyamides (both condensation and
addition types), phenolic resins and bismaleimides. The
resin may contain a thermoplastic or elastomeric agent
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to increase fracture resistance.

[0039] Once the impregnating resin 50 has cured such
as through application of thermal energy, the cured braid-
ed sleeve 38 and mandrel 46 are removed from the
matched metal mold 48. The mandrel 46 is then removed
in one piece by sliding it out from an open end of the
formed spar 32 or through disassembly or melting of the
mandrel as generally understood. Figure 8 is a flow chart
illustrating steps performed in the braided core manufac-
turing process.

[0040] The foregoing description is exemplary rather
than defined by the limitations within. Many modifications
and variations of the present invention are possible in
light of the above teachings. The preferred embodiments
of this invention have been disclosed, however, one of
ordinary skill in the art would recognize that certain mod-
ifications would come within the scope of this invention.
Itis, therefore, to be understood that within the scope of
the appended claims, the invention may be practiced oth-
erwise than as specifically described. For that reason the
following claims should be studied to determine the true
scope and content of this invention.

Claims

1. A hollow rotor blade spar (32) formed by a braided
sleeve (38) of composite materials, the braided
sleeve (38) being a tri-axial braid having a multiple
of braided bias angled fibers and a multiple of zero
degree fibers interwoven with said multiple of braid-
ed bias angled fibers, said braided bias angled fibers
oriented non-parallel to a longitudinal axis (P) of the
spar (32) to provide two axes of said tri-axial braid
(38) and torsional strength to the spar (32) and said
zero degree fibers substantially parallel to said lon-
gitudinal axis (P) to provide one axis of said tri-axial
braid (38) and axial strength to the spar (32);wherein
the braided sleeve (38) of composite materials fur-
ther comprises for additional local reinforcement of
the spar (32) at predetermined locations a separate
composite sheet (35) interwoven with said multiple
of braided bias angled fibers and said multiple of
zero degree fibers.

2. Therotorblade spar (32) asrecited in claim 1, where-
in said braided bias angled fibers are offset approx-
imately =40 degrees relative said longitudinal axis

(P).

3. Therotor blade spar (32) as recited in any of claims
1 or 2, wherein leading and trailing edge conics of
the spar (32) include said braided bias angled fibers
offset approximately =45 degrees relative said lon-
gitudinal axis (P).

4. The rotor blade spar (32) as recited in any of claims
1to 3, wherein said braided bias angled fibers follow
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a spiral path around said longitudinal axis (P).

5. The rotor blade spar (32) as recited in any of claims
1 to 4, wherein a leading edge and a trailing edge
conic of said hollow spar (32) comprise only said
braided bias angled fibers.

6. The rotor blade spar (32) as recited in any of claims
1to 5, wherein said zero degree fibers are positioned
to be on the upper and lower surface of said hollow
spar (32).

7. The rotor blade spar (32) as recited in any of claims
1 to 6, wherein said longitudinal axis (P) is a pitching
axis (P) of said rotor blade assembly (10).

8. A main rotor blade assembly (10) comprising
a hollow rotor blade spar (32) according to any one
of claims 1 to 7 as a primary structural member,
an upper skin (26) and
a lower skin (28) defining the upper and lower aer-
odynamic surfaces of the rotor blade assembly (10);
wherein a core (30), one or more counterweights
(33), and said rotor blade spar (32) form the interior
support for the upper and lower skins (26, 28).

9. The main rotor blade assembly (10) as recited in
claim 8,
wherein said upper skin (26) and said lower skin (28)
are formed from a multitude of prepreg composite
material plies.

Patentanspriiche

1. Hohler Rotorblattholm (32), der durch eine Geflecht-
hilse (38) aus Verbundmaterialien gebildet ist, wo-
bei es sich bei der Geflechthiilse (38) um ein triaxia-
les Geflecht mit einer Mehrzahl geflochtener Vor-
spannungswinkel-Fasern und einer Mehrzahl von
Null-Grad-Fasern handelt, die mit der Mehrzahl der
geflochtenen Vorspannungswinkel-Fasern verfloch-
ten sind, wobei die geflochtenen Vorspannungswin-
kel-Fasern mit einer Langsachse (P) des Holms (32)
nicht-parallel ausgerichtet sind, um zwei Achsen des
triaxialen Geflechts (38) zu bilden und dem Holm
(32) Torsionsfestigkeit zu verleihen, und wobei die
Null-Grad-Fasern zu der Langsachse (P) im We-
sentlichen parallel sind, um eine Achse des triaxialen
Geflechts (38) zu bilden und dem Holm (32) axiale
Festigkeit zu verleihen; wobei die Geflechthlilse (38)
aus Verbundmaterialien ferner zur zusétzlichen lo-
kalen Verstarkung des Holms (32) an vorbestimmten
Stellen einen separaten Verbundflachenkorper (35)
aufweist, der mit der Mehrzahl der geflochtenen Vor-
spannungswinkel-Fasern und der Mehrzahl der Null-
Grad-Fasern verflochten ist.
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Rotorblattholm (32) nach Anspruch 1,

wobei die geflochtenen Vorspannungswinkel-Fa-
sern relativ zu der Langsachse (P) um ca. = 40 Grad
versetzt sind.

Rotorblattholm (32) nach einem der Anspriiche 1
oder 2,

wobei Vorderkanten- und Hinterkanten-Kegelschnit-
te des Holms (32) die geflochtenen Vorspannungs-
winkel-Fasern mit einer Versetzung von ca. *= 45
Grad relativ zu der Langsachse (P) beinhalten.

Rotorblattholm (32) nach einem der Anspriiche 1 bis
3,

wobei die geflochtenen Vorspannungswinkel-Fa-
sern einer spiraligen Bahn um die Langsachse (P)
folgen.

Rotorblattholm (32) nach einem der Anspriiche 1 bis
4,

wobei ein Vorderkanten- und ein Hinterkanten-Ke-
gelschnitt des hohlen Holms (32) nur die geflochte-
nen Vorspannungswinkel-Fasern aufweist.

Rotorblattholm (32) nach einem der Anspriiche 1 bis
5,

wobei die Null-Grad-Fasern derart positioniert sind,
dass sie sich an der oberen und unteren Oberflache
des hohlen Holms (32) befinden.

Rotorblattholm (32) nach einem der Anspriiche 1 bis
6,

wobei es sich bei der Langsachse (P) um eine
Stampfachse (P) der Rotorblattanordnung (10) han-
delt.

Hauptrotorblattanordnung (10), aufweisend:

einen hohlen Rotorblattholm (32) nach einem
der Anspriiche 1 bis 7 als priméares Bauteil,
eine obere Haut (26) und

eine untere Haut (28), die die obere und die un-
tere aerodynamische Oberflache der Rotorblat-
tanordnung (10) bilden;

wobei ein Kern (30), ein oder mehrere Gegen-
gewichte (33) und der Rotorblattholm (32) die
innere Abstutzeinrichtung fir die obere und die
untere Haut (26, 28) bilden.

Hauptrotorblattanordnung (10) nach Anspruch 8,
wobei die obere Haut (26) und die untere Haut (28)
aus einer Mehrzahl von Prepreg-Verbundmaterial-
lagen gebildet sind.

Revendications

Longeron de pale de rotor creux (32) formé par une
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chemise tressée (38) de matériaux composites, la
chemise tressée (38) étant une tresse triaxiale ayant
une pluralité de fibres tressées a angle d’inclinaison
etune pluralité de fibres a angle nul entrelacées avec
ladite pluralité de fibres tressées a angle d’inclinai-
son, lesdites 5fibres tressées a angle d’inclinaison
étant orientées non paralleles a un axe longitudinal
(P) du longeron (32) pour fournir deux axes de ladite
tresse triaxiale (38) et une résistance a la torsion au
longeron (32) et lesdites fibres a angle nul étant sen-
siblement paralléles audit axe longitudinal (P) pour
fournir un axe de ladite tresse triaxiale (38) et une
résistance axiale au longeron (32) ; dans lequel la
chemise )tressée (38) de matériaux composites
comprend en outre pour un renforcement local sup-
plémentaire du longeron (32) a des emplacements
prédéterminés, une feuille composite séparée (35)
entrelacée avec ladite pluralité de fibres tressées a
angle d’inclinaison et ladite pluralité de fibres a angle
nul.

Longeron de pale derotor (32) selon la revendication
1, dans lequel lesdites fibres tressées a angle d’in-
clinaison sont décalées d’approximativement = 40
degrés par rapport audit axe longitudinal (P).

Longeron de pale de rotor (32) selon I'une quelcon-
que des revendications 1 ou 2, )dans lequel des co-
niques de bord d’attaque et de fuite du longeron (32)
comprennent lesdites fibres tressées a angle d’incli-
naison décalées d’approximativement = 45 degrés
par rapport audit axe longitudinal (P).

Longeron de pale de rotor (32) selon I'une quelcon-
que des revendications 1 a 3, dans lequel lesdites
fibres tressées a angle d’inclinaison suivent un che-
min en spirale autour dudit axe longitudinal (P).

Longeron de pale de rotor (32) selon I'une quelcon-
que des revendications 1 a 4, dans lequel une coni-
que de bord d’attaque et une conique de bord de
fuite dudit longeron creux (32) comprennent unique-
ment lesdites fibres tressées a angle d’inclinaison.

Longeron de pale de rotor (32) selon I'une quelcon-
que des revendications 1 a 5, dans lequel lesdites
fibres a angle nul sont positionnées pour étre situées
sur les surfaces supérieure et inférieure dudit longe-
ron creux (32).

Longeron de pale de rotor (32) selon I'une quelcon-
que des revendications 1 a 6, dans lequel ledit axe
longitudinal (P) est un axe de tangage (P) dudit en-
semble de pale de rotor (10).

Ensemble de pale de rotor principal (10) comprenant
un longeron de pale de rotor creux (32) selon l'une
quelconque des revendications 1 a 7 en tant qu’or-
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gane de structure primaire,

un revétement supérieur (26) et

un revétement inférieur (28) définissant les surfaces
aérodynamiques supérieure et inférieure de I'en-
semble de pale de rotor (10) ;

dans lequel une ame (30), un ou plusieurs contre-
poids (33) et ledit longeron de pale de rotor (32) for-
ment le support intérieur pour les revétements su-
périeur et inférieur (26, 28).

Ensemble de pale de rotor principal (10) selon la
revendication 8,

dans lequel ledit revétement supérieur (26) et ledit
revétement inférieur (28) sont formés a partir d’'une
pluralité de nappes en matériaux composites pré-
imprégnés.
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